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First Affiliated Hospital of Wenzhou Medical University were included in our study between October 2014 and October 2015 and were followed for one month. No patients received antidepressant treatment during the follow-up period. The inclusion criteria were as follows: (I) an age of 18-80 years, (II) the ability and willingness to give informed consent, and (III) patients within the first 7 days of acute ischaemic stroke onset. Exclusion criteria included patients who (I) were taking NGF supplementation; (II) were receiving immunosuppressive or antiinflammatory drugs; (III) had any psychiatric disorder, including a history of depression; (IV) had severe aphasia or dysarthria that prevented us from performing the evaluation; (V) had a history of central nervous system diseases such as dementia, Parkinson's disease, tumour, trauma or hydrocephalus; or (VI) were lost to follow-up ( Figure 1 ). Additionally, 100 healthy controls were recruited from a health survey conducted at the First Affiliated Hospital of Wenzhou Medical University. The core symptoms of depression were excluded in controls with Diagnostic and Statistical Manual of Mental Disorders, 4
th Edition (DSM-IV) and the Subjects were recruited without any personal or familial history of psychiatric illness. Subjects must have had no severe physical diseases, including acute ischaemic stroke. The protocol was approved by the hospital's Medical Ethics Committee. Written informed consent was obtained from patients or their relatives.
Clinical variables
To collect the data of this study, we used standardized questionnaires conducted in faceto-face interviews by trained neurologists. Lesion location was analysed by CT/MRI scans performed within 24 to 72 h after admission. Experienced neurologists evaluated stroke severity using the National Institute of Health Stroke Scale (NIHSS) at the time of admission. The functional outcomes were assessed by the modified Rankin Scale (mRS) and the Barthel Index (BI) at discharge.
Psychological measurement
To evaluate the depressive symptoms, we used the 17-item Hamilton Depression Rating Scale (HAMD) [11] at one month following stroke. Patients were diagnosed with PSD consistent with DSM-IV criteria and a HAMD-17 score >7. Evaluations were performed by trained researchers who were blinded to the laboratory results of stroke patients at one month post-stroke.
Introduction
Post-stroke depression (PSD) is especially prevalent after stroke, affecting approximately one-third of individuals [1] . Early identification and diagnosis of PSD is very important because it may have severe impacts on the survivors, including poor functional outcomes [2] , increased mortality [3] and high risk of recurrent stroke [4] . However, the underlying pathophysiology of PSD still remains unclear today.
Nerve growth factor (NGF) is an indispensable neurotrophic factor involved in several neuronal functions, including neuronal survival, differentiation and assistance in the development and renovation of neurons [5] . Recently, the relationship between NGF concentrations and depression has been well-documented in the literature but there are different conclusions [6] . The majority of evidence has revealed a reduction in serum NGF levels in patients with depressive disorders [7] . Nevertheless, some studies found no difference in NGF concentrations between controls and patients with major depression [8] . The discrepancy may result from the difference in the samples, measurement methods, or time of assessment. Additionally, Reus, et al. [9] found that reduced NGF levels in the rat brain may result in depression-like symptoms. Furthermore, some studies showed that serum NGF levels were significantly normalized after antidepressant treatment [10] .
However, to date, there has not yet been a study exploring serum NGF levels and PSD. Therefore, our aim in this study was to explore the possible association between serum NGF and the development of PSD.
Methods

Study population
Two-hundred patients with acute ischaemic stroke admitted to the Stroke Unit of the
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Laboratory tests
Blood taken from the antecubital vein was collected during the initial 24 h of admission. Serum NGF levels were measured by enzymelinked immunosorbent assay (ELISA) method according to the manufacturer's instructions , using a double-antibody sandwich ELISA kit (Labsystems Multiskan MS, Finland). Serum NGF was recorded in ng/L and divided into four quartiles (<7.7 ng/L, 7.7-9.2 ng/L,9.2-11.1 ng/L and >11.1 ng/L), as the raw NGF data were skewed. The number of subjects in each quartile was recorded. The limit of detection was 0.7 ng/L. No significant cross-reactivity or interference was observed.
Statistical analyses
The clinical variables and NGF levels of all subjects were compared using the χ 2 test, oneway ANOVA, Student's t-test, Mann-Whitney U test, and Fisher's Exact Test, as appropriate. Dunnett's T3 test was done to further valuate discrepancies in two-group comparisons if a continuous variable showed a significant difference among the groups in the ANOVA. Bonferroni corrections were used for each test to adjust for multiple testing. The quartile of the ranked set of data values was used to divide the data set into four equal groups to better compare the difference in each group between PSD and non-PSD patients. Binary logistic regression was applied to determine the influence of all the factors that were significantly different in the univariate analysis on the development of PSD. The results were expressed as adjusted odds ratios (ORs) with the corresponding 95% confidence intervals (CIs). All statistical analyses were performed using SPSS for Windows, version 22.0 (SPSS Inc., Chicago, IL, USA). Values of p<0.05 were considered to be statistically significant in all tests.
Results
Baseline characteristics of study samples
In total, 345 consecutively admitted patients with acute ischaemic stroke were screened, and 200 individuals were included in our study ( Figure 1 ). There was no difference between the included and the excluded patients in terms of median (IQR) NIHSS score [3(1-4) vs. 3 (2-4); P=0.74] or serum levels of NGF (9.6 ± 3.1 ng/L vs. 10.1 ± 3.2 ng/L; P=0.57). The average age was 62.9 ± 1.0 years and 31% were female.
Main findings
A total of 62 (31%, 42 men, 20 women) patients were diagnosed with a depressive disorder one month after stroke occurrence. The mean ( ± SD) NGF levels for all stroke patients were 9.6 ± 3.1 ng/L; the mean ( ± SD) NGF levels in normal subjects, PSD and non-PSD patients were 7.2 ± 1.5 ng/L, 8.2 ± 2.3 ng/L and 10.2 ± 3.2 ng/L, respectively. Our results demonstrated that the intergroup difference was significant in serum 
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NGF levels at admission (F=41.00, P<0.001). Indeed, serum NGF was significantly higher in non-PSD patients and PSD patients than in normal controls; serum NGF was significantly lower in PSD patients than in non-PSD patients. Additionally, patients with depression poststroke were also more likely to have higher low density lipoprotein (LDL) and have a history of hyperlipidaemia (HLP) (all P<0.1) compared to the non-PSD group. The PSD group also had more severe strokes, poorer functional outcomes, and worse rehabilitation outcomes (Table 1) .
Additionally, the proportion of serum NGF in the lowest quartile (< 7.7 ng/L) was significantly increased in the PSD patients (x 2 =7.01, P=0.008), and the proportion of serum NGF in the highest quartile (>11.1 ng/L) was significantly reduced in the PSD patients (x 2 =9.00, P=0.003) ( Table 2) .
PSD presence was considered a dependent variable and factors with a P-value <0.10 in the univariate analysis were considered independent variables in the logistic analysis. It was found that serum NGF levels (< 7.7 ng/L and >11.1 ng/L) were independently associated with the presence of PSD (OR: 2.53, 95% CI: 1.03-6.22, P=0.043 and OR: 0.32, 95% CI: 0.11-0.97, P=0.044, respectively). Additionally, there was a significant association between the BI scores at discharge and the presence of depression at one month after stroke (OR: 0.97, 95% CI: 0.95-0.99, P=0.019) ( Table 3) .
Discussion
To the best of our knowledge, this is the first report to investigate the possible relationship between serum NGF levels and the presence of depression at one month after stroke. Our results indicated that lower serum NGF is an important biological marker of the presence of PSD at one month following stroke.
In the present study, serum levels of NGF within 24 h after admission were found to be significantly higher in stroke patients than in normal subjects, which is in agreement with some previous studies, although some other research has found that serum NGF levels did not differ between stroke patients and controls [12] . The inconsistency may be attributed to the differences in samples, measurement methods, or time of assessment. It has recently been documented that NGF is produced by activated immune cells [13] under inflammatory conditions. As stroke is characterized by an acute pro-inflammatory status [14] , our data suggest that increased NGF levels may be due to a response to the pro-inflammatory state seen in stroke patients.
The most important finding of our study is that serum NGF levels were lower in PSD patients who presented with depression within one month following stroke compared to stroke patients without depression. These results are consistent with previous studies that demonstrated lower serum concentrations of NGF in patients with major depression [7] .
Previous studies have presented that neuronal loss occurs in the brains of subjects with depression [15] . Recent papers have indicated that NGF plays a vital role in protecting neurons from ischemic induced death after stroke. In stroke, NMDA receptor-mediated excitotoxicity has been demonstrated to be the primary mechanism by which neuronal damage occurs [16] . Additionally, it has been suggested that NGF protects neurons against glutamate-induced cytotoxicity probably by the enhancement of calcium homeostatic mechanisms [17] . A growing body of studies has reported that NGF induces the sprouting of calcitonin-generelated peptide immune-reactive (CGRP-IR) fibres [18] , and the protective effect of CGRP on ischaemic brain injury has been observed in previous literature [19] .
Recent studies have found that impairment of neurogenesis in the brain is related to the presence of depression [20] , and the promotion of neurogenesis in the hippocampus may be an effective antidepressant treatment, possibly because of the increased ability of the brain to respond or adapt to aversive stimuli [21] . Many studies have indicated that NGF is important in neurogenesis after ischaemia [22] . A study observed that a daily application of 100 µl NGF in rats via intranasal administration during the first 6 days after ischaemia significantly enhanced neurogenesis [23] . Another study showed that NGF promoted the differentiation of bone marrow mesenchymal stem cells (BMSCs) into neuro-like cells and increased expression of synaptophysin in the ischaemic brain compared with non-treated animals [24] .
Furthermore, a growing body of research suggests that oxidative stress plays an important role in the pathophysiology of major depressive disorder. Oxidative stress occurs due to overproduction of free radicals during stroke and Research Jincai He leads to progressive tissue damage and cellular death [25] . Interestingly, it has been suggested that NGF protects cells from oxidative stresstriggered death [26] . A preclinical experiment showed that NGF-transgenic (t g) mice have an intrinsic resistance to oxidative stress due to their high concentration of basal copper zinc superoxide dismutase (SOD) and glutathione transferase, leading to the reduction of ischaemic damage in NGF-t g mice [27] . Taken together, NGF may influence the development of PSD by inhibiting oxidative stress. A conclusion might be drawn that the mechanism linking NGF to PSD involves the aforementioned factors.
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However, our finding that some patients with elevated serum NGF levels also had depression symptoms indicated that the NGF serum concentrations in PSD patients were not sufficiently high enough to prevent neuronal cell loss and promote neurogenesis as well as alleviate the oxidative stress. Additionally, it is pertinent to mention that the reduction in NGF levels was observed in depression-related brain regions in PSD patients [28] although the serum NGF was increased compared to controls in our study. Stroke results in inflammation [14] and recent research has indicated that NGF peripheral levels increase in response to pro-inflammatory stimuli [29] despite the reduction in NGF levels in depression-related brain regions, which leads to the development of depression. As such, stroke might interfere with the role of NGF in the pathogenesis of depression via the inflammation that occurs after stroke. Generally, the reasons mentioned above might explain the phenomenon that the PSD patients with increased serum 
NGF still have depressive symptoms post-stroke. However, the exact pathophysiology needs to be further explored.
We also found that lower serum NGF levels might be a risk factor for developing PSD and higher serum levels of NGF might be protective against developing PSD. The results seem to strengthen the suggestion that NGF plays a key role in the pathophysiology of PSD during the acute stage of ischaemic stroke.
In our study, 31.0% of stroke patients were diagnosed with depression at one month poststroke, which is consistent with earlier studies [1] . Our results also demonstrated that physical disability (measured by BI) at discharge was independently associated with PSD, which was consistent with the findings of previous studies [30] . We did not detect any significant association between the development of PSD and other controversial variables, such as female sex [31, 32] or age [32, 33] .
However, it is worth to note that although depressive symptoms resemble those of other types of depression, there are still some differences between PSD patients and depressed Patients without stroke. Stroke Patients with depression have greater cognitive impairment, greater physical impairment and experience more sleep disturbances, vegetative symptoms, and social withdrawal, than do depressed Patients without stroke [34] . Moreover, the patients with PSD usually have a later age at onset than the depressed patients without stroke. As a result, the mechanism of NGF in PSD patients may partly differ from depression without stroke. But we would like to note that animal research was not carried out in our study. Moreover, to date, there has never been a preclinical study exploring the association between NGF and PSD. Thus, we will investigate the exact mechanism about NGF in PSD through an animal model of PSD in a future study.
This study has several limitations. First, we excluded patients with both severe aphasia and serious conditions, which might make us, underestimate the actual incidence of PSD. Second, the serum NGF levels were tested only once, and the delay between stroke onset and blood collection was not confirmed. Further studies are needed to control the time between stroke onset and blood collection and evaluate how NGF levels change with time post-stroke and whether levels drawn at later time points can offer more prognostic information. Third, the HAMD scale has not been measured in control group, and except for gender, age and serum NGF levels, the other data of the control group has not been collected during the study. Fourth, the size of the subjects was not enough which might make the 95% CI limits are very close to 1 in the result of multiple regression analysis. Finally, another limitation is the short follow-up period, which did not allow us to observe the effects of lengthy institutionalization on post-stroke depression. We plan to address these limitations in future work.
In conclusion, despite these limitations, our findings demonstrated that lower serum NGF levels might be a risk factor for developing PSD and higher serum levels of NGF might be protective against developing PSD at one month post-stroke, which suggests that this biomarker might be used as a novel marker for PSD at one month post-stroke. Further investigations are essential to confirm the dynamic changes in serum NGF along with the disease course and to determine this relationship between serum and cortical NGF concentrations, which may provide a new solution for PSD.
